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Orange 7，AO7）的生物降解过程进行了研究，主要内容包括以下 3 个部
分： 
（1） 对超声波－生物法联合技术的操作参数做了优化研究。结果表明，
当超声波强度为 6.4 W L-1，超声波频率为 25 kHz，进水葡萄糖浓
度为 2000 mg L-1，超声波辐射间隔为 5 min，曝气流量为 0.4 mL 
min-1 时，超声波的强化作用效果最明显，表现出 AO7 的脱色速率
达到最大。实验结果同时表明，超声波辐射作用还可以增加活性
污泥对葡萄糖和 AO7 降解脱色产物 ABS 进一步降解的速率。 
（2） 对高浓度 NH4
+－N 抑制 AO7 的好氧降解过程进行了研究。结果表
明，高浓度 NH4
+－N 导致活性污泥对 AO7 的降解脱色、AO7 降
解中间产物 ABS 的进一步降解及 COD 去除速率的降低。根据
Michaelis-Menten 方程，计算不同 NH4
+－N 浓度下的 Km 和 Vmax，
发现当 NH4
+－N 初始浓度在 33.6 mg L-1 到 134.6 mg L-1 范围内，
NH4
















































The application of low intensity ultrasound in biological engineering is 
a hotspot, especially in the fields of fermentation engineering and food 
engineering in recent years. Until now, little is known about the application 
of low intensity ultrasound to pollutants treatment. This work contributes to 
the stimulation of low intensity ultrasound on the biodegradation process of 
azo dye Acid Orange 7 (AO7). The detailed information is as follows: 
(1) The optimum operation parameters of bio-ultrasound technique had been 
investigated. The stimulation effects were most obvious when 
bio-ultrasound reactor run with the optimum parameters as follows: 
ultrasound intensity 6.4 W L-1, ultrasound frequency 25 kHz, influx 
glucose concentration 2000 mg L-1, ultrasound exposure interval 5 min 
and air flux 0.4 mL min-1. The results also showed the ultrasound 
radiation could increase the biodegradation rates of glucose and ABS 
which was a decolorization product of AO7. 
(2) The inhibition of high concentration NH4
+-N in aerobic biodegradation 
process of AO7 was investigated. The results showed that high 
concentration NH4
+-N could inhibit the bio-decolorization process of 
AO7, biodegradation of ABS and removal of COD. The Km and Vmax 
values were calculated on the basis of Michaelis-Menten equation. 
According to the Km and Vmax values, the NH4
+-N inhibition effects on 
the biodegradation of AO7 approximated a mixed inhibition model of 
















from 33.6 to 134.6 mg L-1. The alleviation effects of ultrasound on 
NH4
+-N inhibition effects was found, but the alleviation effects could be 
neglectable with NH4
+-N concentration increased. 
(3) To explore the mechanism of low intensity ultrasound (6.4 W L-1) 
enhancing the biodegradation process of AO7, the biological effects 
stimulated by ultrasound with the optimum parameters conditions were 
studied. It was clearly that the low intensity ultrasound could have 
advantageous effects on biodegradation process in following aspects: ○1  
enhanced the dehydrogenase activity by 43.7% compared to the control; 
○2  increased the membrane permeability; ○3  decreased the sludge size. 
Furthermore the results also revealed that microbe quantity in effluent 
after 30 min settlement in bio-ultrasound reactor was less than that in the 
control. The contribution of Ca2+ to the proliferation also was tested and 
it was found Ca2+ concentration effects could be neglectable. Despite the 
Ca2+ concentration increased, the biodegradation rate decreased in both 
reactors, however, the activated sludge in bio-ultrasound reactor still 
showed good performance in biodegradation rate compared to the 
control. 
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第 1 章 绪论 
染料工业和印染工业是化学工业中环境污染极其严重的产业之一，
也是废水的排放大户。目前世界染料年产量约为 800－900×103 t，我国年





































表 1－1 印染废水中常见的化学物质[6] 
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一般印染废水 pH 值为 6－10，CODcr为 400－1000 mg L
-1，BOD5 为






































    活性炭纤维（activated carbon fiber, ACF）是继粉状活性炭（PAC）和
颗粒活性炭（GAC）之后的第三代活性炭产品。ACF 与 PAC、GAC 等相
比，孔径分布狭窄而均匀，微孔体积占总孔体积的 90％左右，微孔孔径




等[13]研究了 PAN-ACF、粘胶基 ACF 对阳离子艳红 5GN、弱酸性红、碱
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